
Madrono, Vol. 52, No. 4, pp. 262-266, 2005

GROUPSELECTIONEDGEEFFECTSONTHE VASCULARPLANT
COMMUNITYOF A SIERRA NEVADAOLD-GROWTHFOREST

Zachary E. Kayler', Lucas B. Fortini^ and John J. Battles
Department of Environmental Science, Policy and Management,

University of California, Berkeley, CA 94720

Abstract

For an old-growth forest edge in the Sierra Nevada, we quantified the extent of edge effects from a

group selection harvest. Across transects from the interior of the old-growth forest through the group
selection opening, we quantified changes in resource availability (light, soil moisture, and seedbed) and
vegetation composition (cover, richness). We found a steep change in light availability and community
composition from the intact old-growth to the group selection. Both parametric and non-parametric mul-

tivariate analyses indicated two distinct plant associations, old-growth and group selection, with little

indication of an edge association. Understory plant species richness normalized to a total area sampled
of 0.25 ha was significantly greater in the group selection (74 species) than in the old-growth (55 species).

Chimaphila umbellata and Carex hrainerdii were the most abundant species in the old-growth and group

selection respectively. Tragopogon duhius was the most abundant of six exotic species found in the group

selection while there were no nonnative species found in the old-growth forest.
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The competing demands for timber products and

forest preservation require land managers to eval-

uate simultaneously production and conservation

objectives (Lindenmayer and Franklin 2002). For

the Sierra Nevada of California, group selection has

been proposed as a silviculture system that may ac-

commodate production and conservation objectives

(e.g., Herger-Feinstein 1998; USDAForest Service

2002; USDAForest Service 2003), but there is lit-

tle quantitative information on the efficacy of such

a system.

Group selection involves the periodic harvest of

small groups of trees, typically between 0.1 and 1

ha (McDonald and Abbot 1994). Over the long

term, a shifting mosaic of small patches of trees

develops across the landscape. These patches will

inevitably create a relatively large fraction of edge
environment (e.g., York et al. 2003). In the context

of group selection silviculture, the edge refers to

the boundary between the opening created by har-

vesting a group of trees and the matrix of intact

forest. York et al. (2003) reported a substantial edge
effect on tree growth in group selection harvests.

Given the significant influence of edges on ecolog-

ical processes, other impacts are likely. In this pa-

per, we assess the width and extent of potential

edge influences on understory vascular plants at a

forest-to-group edge created by a group selection

harvest.
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Study Site

Weconducted our study in a mixed conifer forest

at the Plumas National Forest. Data was collected

from a single group selection harvest and an adja-

cent long-term plot, the Baker plot (39°55'16"N

121°02'21"W). The Baker plot is a 4.5 ha old-

growth mixed conifer stand with no record of re-

cent fire (Ansley and Battles 1998).

The 1-ha group was harvested in 1993 at the

north end of the Baker Plot. All overstory trees

were felled and the remaining slash was piled and

burned. Before planting ponderosa pine, the group

was broadcast-burned. The area immediately adja-

cent to the Baker plot (a buffer approximately 12

m wide) was logged but not burned or replanted.

To check for similarity in structure between the old-

growth and harvested area, we reconstructed stand

basal area from stump diameters and taper equa-

tions (Wensel and Olson 1995). Our estimates of

basal area in the group selection plots fell well

within the observed range of variation for plots of

this size in the old-growth stand (59-148 m^ ha"^

Ansley 1998).

Sampling Design

In 2000, we established three parallel transects

along the gradient from the intact forest into the

group selection (Fig. 1). Each 100-m long transect

consisted of six equally spaced circular 0.031 ha

plots. Wedesignated plots along the dripline of the

forest canopy as edge plots (0 m). The old-growth

plots on the transect were then located -40 m, -20
m away from the drip line, while the group selec-

tion plots were located +20 m, +40 mand +60 m
into the group selection.

Each circular study plot consisted of four 10 m
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Fig. 1. (Top) Site layout at Baker old-growth forest, Plumas National Forest, California (Bottom) Mean and standard

error of light availability at 1-m height (% TTR), understory plant cover measured by percent cover, soil moisture and
bare soil for the 3 transects spanning the old-growth forest and group selection as well as the random old-growth plots

(ROG).
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Fig. 2. CCAgraph displaying the separation of plots by community according to vegetation and environmental data.

Two distinct communities are shown, old-growth and group selection, with no ecotonal edge community in between.

The community designation also reflects the TWINSPANgroupings (open vs. closed triangles). CCAeigenvalues are

in parenthesis along the axis. The correlation between species and specific environmental parameters are displayed

graphically by the rays extending from the origin. The magnitude of the variables effect is depicted by the ray's length

and the direction of plot placement by the angle. %sm = soil moisture, %bare = bare soil, %light = %TTR.

lines that radiated from the center along the cardi-

nal directions. All quantitative environmental and
botanical sampHng was conducted along these

lines. For each circular plot, two soil samples were
taken at points 5 m north from plot center and 5 m
south to a depth of 30 cm. Soil water content (g of

water/ 100 g dry soil) was measured gravimetrically

in June 2000. We used hemispherical photographs

of the canopy to estimate light availability. Photo-

graphs were taken at plot center and points 7 m
away from plot center in each cardinal direction at

1 m height. Photographs were analyzed using Gap
Light Analyzer software (GLA http://www.rem.

sfu.ca/forestry/downloads/gap_light_analyzer.htm)

to calculate the percent of total transmitted radia-

tion (%TTR), which estimates long-term average

light levels.

We used line-point sampling to measure under-

story plant abundance and seedbed conditions in

each plot. Every 10 cm we noted plant species (no-

menclature follows Hickman 1993) and classified

the soil surface as fine litter, course woody debris

or bare soil. Plot-level species richness was mea-
sured by conducting a timed census (two hr/plot).

We sampled random plots from the interior of

the old-growth forest to check for differences with

the transect plots at 20 m and 40 m into the old-

growth. All interior plots were at least 60 m away
from any edge —we refer to these plots as the ran-

dom old-growth plots. Data collection in these plots

followed the procedures described above.

We explored the relationship between the re-

source gradients and plant composition with canon-

ical correspondence analysis (CCA). We used the

CCA to ordinate plots in a state space defined by

linear combiucitions of the environmental variables

of light, soil moisture, and seedbed type (Palmer

1993). Weused two-way indicator species analysis

(TWINSPAN), a divisive clustering program that

classifies the plots based on species abundance (van
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3. Ten most abundant species by percent relative cover in each area: group selection and old-growth.

Tongeren 1995), as an independent measure of plot

locations in ordination space. We used PC-ORD
version 4 (MJM software, OR) to conduct all or-

dination and clustering analyses.

We relied on species richness as our primary

measure of understory plant diversity. To account

for the species-area relationship, we extrapolated

species accumulation curves from sequential plot

sampling (Colwell and Coddington 1994; Battles et

al. 2001). Both species accumulation curves depict

richness saturating at approximately nine sampled
plots. Thus richness is reported as the mean of nine

randomly resampled plots.

Results

Weobserved a sharp and short gradient between
old-growth and group selection plots (Fig. 1).

While there was a slight increase in understory

light on the edge relative to the nearest old-growth

plots (-20), the difference between the edge and
the nearest group plots (+20) was large. There were
similar sharp increases at the edge in plant abun-
dance as measured by cover and in the fraction of

bare soil (Fig. 1).

The multivariate analyses also showed sharp dif-

ferences between old-growth and group selection

plots and did not detect an ecotone community that

shares aspects of both communities. The CCAanal-

ysis produced two distinct clusters along the pri-

mary ordination gradient (Fig. 2). This primary axis

is most correlated with understory light availability.

The first division of the TWINSPANanalysis (ei-

genvalue = 0.480) separated plots into the same
groups as the CCA (Fig. 2) with no overlap be-

tween old-growth and group selection plots.

These results imply an edge effect on the under-

story plant community of less than 10 m in either

direction. Moreover, we checked for bias in our

comparison, in particular whether our plots into the

old-growth were representative of the forest, by
comparing the old-growth transect plots to the ran-

dom plots from the interior of the Baker plot. In

terms of key environmental metrics (i.e., hght

availability, seed bed, and soil moisture) and mea-
sures of the understory vegetation (i.e., composi-

tion, abundance, and species richness), we could

detect no differences. At this site, edge effects were
confined to a narrow area near the harvest bound-
ary.

The lack of an ecotone is surprising given the

differences between the adjacent plant associations.

The group selection plots had significantly greater

species richness. Based on a minimum sample of

nine plots, mean species richness in the old-growth

was 55 species (95% CI = 52-57 species). In the

group selection, mean richness was 74 species

(95% CI = 68-81 species). However, the understo-

ry vegetation was dominated by one species in each

area (Fig. 3).
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In the old-growth, Chimaphila umbellata was the

most abundant species, while in the group selection

Carex brainerdii dominated. Chimaphila umbellata

is commonly found in early- and late-seral conifer

forests (Halpern and Spies 1995) and small open-

ings of managed forests with a well developed can-

opy (McDonald and Reynolds 1999). Carex brai-

nerdii is often found in recently disturbed sites, dry

forests and rocky soils (Hickman 1993). Overall,

the old-growth association is characterized by late-

seral, shade-tolerant species, five of which were

unique to the old-growth. For example, Chimaphila

menziesii, an uncommon species (Hickman 1993),

Goodyera oblongifolia, and Pyrola picta were

found exclusively in the old-growth, but at low

abundance levels. Species found in the group se-

lection that are associated with open and recently

disturbed sites include Ceanothus integerrimus,

Epilobium angustifolium, and Apocynum androsae-

mifolium (Hickman 1993). Tragopogon diibiiis was
the most abundant of six nonnative species found

in the group selection while in the old-growth we
did not find any non-native species.

Given these differences between the two adjacent

areas, the potential for an ecotone along the edge

exists. Moreover, there were nonnative species es-

tablished in the group selection that potentially

could spread should the integrity of the surrounding

forest canopy decline. As was clear from our re-

sults, the understory vegetation was sensitive to

light availability. However, in this instance we did

not observe edge effects on the understory plant

community; although effects extending less than 10

m from the edge would not be observed due to our

sample design. It is important to note that this study

was at only one site and at one time. Site-specific

attributes (e.g., the northern orientation of the forest

edge) and different periods of post-harvest vegeta-

tion development may mask generalities. Therefore,

research at additional sites is necessary to support

generalizations regarding edge effects in the mixed
conifer forests of the Sierra Nevada.

Literature Cited

Ansley, J. S.1998. Temporal and Spatial forest dynamics
in an old-growth stand of the northern Sierra Nevada.

M.S. thesis. University of California, Berkeley, USA.

Ansley, J. S. and J. J. Battles. 1998. Forest composition,

structure, and change in an old-growth mixed conifer

forest in the northern Sierra Nevada. Journal of the

Torrey Botanical Society 125:297-308.

Battles, J. J., A. J. Shlisky, R. H. Barrett, R. C. Heald,
AND B. H. Allen-Diaz. 2001. The effects of forest

management on plant species diversity in a Sierran

conifer forest. Forest Ecology and Management 146:

211-222.

Colwell, R. K. and J. A. Coddington. 1994. Estimating

terrestrial biodiversity through extrapolation. Philo-

sophical transactions of the Royal Society of London
345:101-118.

Halpern, C. B. and T. A. Spies. 1995. Plant species di-

versity in natural and managed forests of the Pacific

Northwest. Ecological Applications 5:913-934.

Herger, W. and D. Feinstein. 1998. Herger-Feinstein

Quincy Library Group forest recovery Act. 105th

Congress 1st Session HR 858, S 1028, 6.8 1998.

Hickman, J. C. (ed.). 1993. The Jepson manual higher

plants of California. University of California Press,

Berkeley, CA.
Lindenmayer, D. and J. F. Franklin. 2002. Conserving

forest biodiversity: a comprehensive multiscale ap-

proach. Island Press, Washington D.C.

McDonald, P. M. and C. S. Abbott. 1994. Seedfall, re-

generation, and development in group-selection open-

ings. USDAForest Service research paper PSW-220:
1-13.

McDonald, P. M. and P. E. Reynolds. 1999. Plant com-
munity development after 28 years in small group

selection openings. USDA Forest Service research

paper, PSW-241 : 1-17.

Palmer, M. W. 1993. Putting things in even better order:

The advantages of Canonical Correspondence Anal-

ysis. Ecology 74:2215-2230.

USDAForest Service. 2003. Sierra Nevada forest plan

amendment. USDAForest Service, PSWR5-MB-019
p76.

USDAForest Service, Sequoia National Forest. 2002.

Draft environmental impact statement. USDAForest

Service, Porterville, CA p284.

Van tongeren, O. F. R. 1995. Cluster Analysis. In R. H.

G. Jongman, C. J. F. Ter Braak, O. F. R. Van tongeren,

(eds.). Data analysis in community and landscape

ecology. Cambridge University Press, New York.

Wensel, L. C. and C. M. Olson. 1995. Tree taper models

for major commercial California conifers. Hilgardia

62{3):1-11.

York, R. A., J. J. Battles, and R. C. Heald. 2003. Edge
effects in mixed conifer group selection openings:

tree height response to resource gradients. Forest

Ecology and Management 179:107-121.


